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MO PAU

1. Pit vain dé

Trong thoi gian qua mac du dugc trang bi nhiéu loai vii khi hién
dai, tuy nhién nhin chung Khéng quan Viét Nam van it vé sb luong
va thua vé chat lugng so voi cac doi thi tiém tang. Do vay, chién
thudt co ban trong tac chién “khong ddi khong” ma ching ta str dung
hién nay Van 1a tin cong bat ngd va rt nhanh. Pé c6 thé thuc hién
dugc yéu cau chién thuét nay, cac dac tinh ky thudt cia tén lira phai
dam bao kha ning tin cong muc tiéu tir xa, tén lira c6 thé hinh thanh
quy dao tin cong da dang, goc don ban dau Q, lon (goc gitra véc to
van toc tén ltra véi dudng ngam TL-MT), d6 chinh xéac din cao.

V6i cac loai tén lira “khong d6i khong” thé hé cii ¢é dam bao c6
thé tiéu diét muc tiéu, trudc khi phong tén lira phi cong can phai lién
tuc diéu khién, co dong may bay (hay truc doc tén Itra, do dau tu dan
trude khi phong duoc khéa cd dinh) hudng vé phia myc tiéu dong
thoi phai duy tri hudng, tim ctia may bay bam theo muc tiéu trong
mot khoang thoi gian nhat dinh, dam bao dau tu din tén lira co kha
nang “khoa” myc tiéu (trr 3+5s). Ddy ma mot nhiém vu rat kho khan
dbi voi phi cong, dé gay mat thoi co chién diu ciing nhu tao mbi
nguy hiém tiém tang ddi v6i may bay ta, ddc biét khi tac chién véi
cac PTTCDK c6 hoa lyc manh hién nay.

Tir phén tich trén, ludn 4n dit ra bai toan “Téong hop ludt dén tén
liva khong doi khéng trong giai doan bay 6-t0-ném dim bdo tin
cong muc tiéu cé dp léch lon so véi hwéng phéng” nham xiy dung
mot PPD mai trong giai doan bay 6-t6-ndm, ap dung cho 16p tén lura
“khong d6i khong” tam trung dam bao: c6 kha ning tdn cong muc
tiéu voi goc don da dang ké ca goc don 16n; hinh thanh quy dao da
dang dam bao yéu t6 bi mat bat ngd khi tiép can muc tiéu; gop phan
nang cao do chinh xéac trong giai doan tu din. Van dé nghién ciru
trén 13 hét strc can thiét va cip béach.

2. Poi twgng, pham vi nghien ciru va phwong phap nghién ciru

Poi twong nghién citu cia ludn an la tong hop luét dan giai doan
bay 6-t6-ném dam bao cac yéu cau tai thoi diém chuyén sang giai
doan tu dan.

Pham vi nghién ciru: Luan an gioi han pham vi nghién ctru dugc
han ché trong khuon khé bai toan tdng hop lut din giai doan bay 6-
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t6-ndm cho tén lira “khong d6i khong” tam trung. Trong trién khai
nghién ctru, luan 4n sir dung mdi quan hé dong hinh hoc TL-MT hinh
thanh cic mé hinh dong hoc khac nhau, két hop voi 1y thuyét diéu
khién t&i uu dé tong hop cac luat dan khac nhau.

Qua trinh nghién ctru dugc tién hanh bang phuong phap nghién
ctru 1y thuyét gin v6i mo phong thir nghiém.

3. Noi dung nghién ciru

No6i dung ctia Luan an duogc trinh bay trong 119 trang, 63 hinh vé
va dd thi, 70 tai liéu tham khao.

Nbi dung nghién ciru nham giai quyét ba bai toan cu thé:

- Tong hop luat dan cho tén lira “khong dbi khong™ trong giai
doan bay 6-t6-n6m;

- Xay dung ho quy dao tham chiéu da dang véi goc phong khac
nhau ké ca goc phéng 16n, pht hop v6i cac yéu cau chién thuat trong
tac chién hién dai;

- Xay dung thudt toan giai bai toan bin don, co tinh t6i tham s6
chuyén dong ctia muyc ti€u, tén Itra va tinh lugng bu do dd cong cia
quy dao tham chiéu.

Bé cuc ludn 4n gém:

Phan m¢ dau.

Chuong 1: Tong quan vé tén lira “khong d6i khong” tam trung va
phuong phap dan két hop.

Chwong 2: Tong hop ludt dan tén lira trong giai doan bay 6-t6-
ndm theo cac tham sb toa do gbc.

Chuong 3: Tong hop luat din tén lira giai doan bay 6-t6-ndm theo
sai léch goc, sai léch thang v6i quy dao tham chiéu.

Chuong 4: M6 phong danh gia hiéu qua cac luat dan.

Két luan.

4. Tinh thye tién, tinh khoa hoc va déng gép méi ciia luin 4n

Tinh thuc tién

- Céc thuit toan xdy dung duoc dam bao cic yéu ciu tén lia
thuan lgi chuyén sang giai doan tu dan va hinh thanh 16p quy dao da
dang phu hop thyuc té tac chién cia 16p tén Itra “khong d6i khong”
tam trung st dung phuong phap dan két hop 6-t6-ndm — ty dan;

- Cac thuat toan d& xuét hoan toan c6 thé hién thuc hoa trén co s&
cac cong nghé k¥ thuat hién nay;

Tinh khoa hoc cua ludn dn



Hoan thién va phat trién cac luat din trong giai doan bay 6-t6-
ném cho mot 16p tén lira “khong d6i khong” tim trung sir dung
phuong phap din két hop trén co so ung dung 1y thuyét didu khién
t6i .

Nhitng dong gop mai cua ludn an

1. Pa tong hop luat dan tén lia “khdng d6i khong” trong giai doan
bay 6-t6-ndm theo quy dao tham chiéu;

2. Pa @ xuat mot 16p quy dao tham chiéu c6 dang ham Rayleigh va
xdy dung thuat toan giai bai toan ban don phu hop voi quy dao tén lira
da chon;,

) ‘ CHUONG 1
TONG QUAN VE TEN LUA KHONG POI KHONG TAM
TRUNG VA PHUONG PHAP DAN KET HOP
1.1. Téng quan vé tén lira “khong dbi khéng” tim trung

Tén ltra c6 diéu khién trong Khoéng Quan duge phan loai theo cac
dau hiéu lién quan dén dic trung két ciu cua tén ltra [4,11, 12].

Diéu khién két hop dugc hiéu 1a trong mot hé thong két hop mot
s0 phuong phap diéu khién khac nhau nhdm phat huy mét cach day
da nhit cac vu diém cua timg phuong phap va han ché cic nhuoc
diém cuia ching [5, 13, 46, 47, 49, 56, 64, 66].

Phwong phép diéu khién két hop 6-t6-ndm — ty dan két hop duoc
cac wu diém nhu: kha ning tin cong tir xa, d6 chinh x4c cao, tin cong
bi mat bat ngo, c6 kha nang “ban va quén” [11, 12].

1.2. Tong quan vé cac nghién ctru trong va ngoai nwéc vé phwong
phap din két hop

Cdc nghién citu trong nudc: cac nghién ctru vé tong hop phuong
phép dan cho tén lira dang ngdy cang dugc quan tdm va cha y hon.
Tuy nhién, cac nghién ctru vé phuong phap dan ket 0-t6-nbm — tu
dan ap dung trén 16p tén lra “khong dbi khong” tAm trung co kha
nang tan cong muc tiéu tir xa, do chinh xac cao, c6 kha ning tan
cong muc tidu voi goc don da dang ké ca goc don 16n, quy dao tiép
can muc tiéu da dang dam bao yéu td bi mat bt ngo 1a nhitng van dé
hét strc cAp thiét nhung hién nay con dé ngo.

Cac nghién curu nudc ngodi:

- D6i v6i cac bai toan tmg dung 1y thuyét didu khién t6i wu dé
tong hop luat dan trong giai doan thir nhat di tugng ap dung 1a cac



muc tiéu ¢ dinh. Bo qua thanh phan muyc tiéu trong mbi lién hé dong
hinh hoc. Piéu kién bién tai thoi diém chuyén khoang cach dam bao
mo dau ty dan; goc nghiéng dudng ngam va goc nghiéng quy dao
yéu ciu bang v6i gia tri cho trude. PO truot tirc thoi tai thoi diém bat
dau tu dan chua duge dé cap;

- P6i v6i truong hop muc tidu chuyén dong viéc tong hop luat
d5n trong giai doan thur nhit dya trén mdi lién hé dong hinh hoc va
xudt phat tir luat dan tiép can ti 18. Cac diéu kién bién vé goc gioi han
dugc danh gla thong qua cac ham diéu kién lién quan dén dac diém
clia ting giai doan dan ciing nhu giéi han vat ly dé dam bao tiéu diét
muc tiéu trong giai doan 2 (thuong 1a tu dan), viéc so sanh danh gia
vé6i cac chi tiéu tdi wu khong dugce thyc hién;

- Viéc ng dung 1y thuyét diéu khién t6i wu dé tong hop luat dan
cho tén Itra “khong dbi khong” v6i muc tiéu chuyén dong, yéu cau
tan cong muc tidu voi goc don ban dau 16n, quy dao tén lira da dang
chua c6 tai liéu nao dé cap dén hodc chua cong b6 do bi mat quén su.

Phurong phdp dan két hop trén tén lira R-27R

Tén lura trong giai doan bay 6-t6-n6m dugc dua dén mot vi tri xac
dinh trong khong gian theo quy dao xac dinh. Vi vy, nhiém vu diéu
khién tén lua trén giai doan ban dau 1a phai triét ti€u cac sai léch
thing theo mit phing ding va mat phing ngang dén thoi diém sai
1éch thing c6 gid tri bang sai 1éch cho phép.

Trén doan bay 6-t6-n6m, theo cac toa do va tdc d6 muc tiéu trong
hé toa d6 mit dat cd dinh, may tinh ctua dau ty din [TaPI'C-27 s&
hinh thanh qua tai chon trudc trong mit phang ding (mit phang
ngang) theo cong thirc [11]:

04 . 15
Nwo =7 | b + = L ] (1.1)
tY (2) Tb [ @ Tb @
35 T, <35
T, = LY(Z)‘_O‘SLCP T,>35 (12)
Lol

Trong giai doan ty dan, luat diéu khién co ban cua tén ltra R-27R
duogc xac dinh boi cong thurc sau:
n=K.g (1.3)

13.Cosély thuyet tdi wu gii bai toan tong hop luit din
Tdng hop luat dan 1a bai todn tim qua tai yéu cdu trén co s¢ cac
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phuong trinh vi phan dya trén mdi lién hé dong hinh hoc TL-MT,
thuc chat ddy chinh 14 bai toan diéu khién.

Cdc bude dé gidi bai todn diéu khién t6i wu:

+ Budc 1: Xay dyung phuong trinh trang thai md ta ddi twong diéu
khiénx = f (x(t),u(t),t);

+ Budc 2: Xay dung ham muc tiéu va diéu kién bién

te
min J (u):G(x(tf ))+_[L(x(t),u(t),t)dt ;
u(® ty
+ Bugc 3: Thanh 1ap ham Haminton:
HE) =L(xut)+y" (1) f(xut);
+ Budc 4: Xay dung diéu kién can dé c6 loi giai tdi wu:
Phuong trinh trang thai: x = f ( ( ) u(t)t);

Phuong trinh dong trang thai: =0 / o
idu kien duna: °H/ =0-
bicu kién dung: éu =0;

biéu kién dau: x(t))=x,;

Piéu kien cudi: ﬂ(tf ):66 (tf% .

+ Budc 5: Giai hé phuong trinh trén nhan dugc u’(t), x(t).
1.4. Bat bai toan nghlen clru

Xuét phat tir nhitng diém con han ché cta cac nghién ctru trong va
ngoai nudc da dugc cong bd; cin cir vao dic diém ciing nhur yéu ciu
chién thuat trong tac chién “khong d6i khong”, ludn 4n tip trung
nghién ctru tong hop luat din trong giai doan bay 6-t6- -ném phu hop
v6i cac diéu kién tac chién khac nhau, cu thé luan 4n can giai quyét
céc bai toan:

Bai toan 1: Tong hop luat dan cho tén lira “khong ddi khong”
trong giai doan bay 6-t6-ném;

Bai toan 2: Xay dung ho quy dao tham chiéu da dang Vo1 goc
phong khac nhau ké ca goc phong 16n, pht hop véi cac yéu cau chién
thudt trong tac chién hién dai;

Bai toan 3: Xay dung thuat toan giai bai toan ban dén, c6 tinh t&i
tham s6 chuyén dong ctia muc ti€u, tén lra va tinh luwong bu do do
cong cua quy dao tham chiéu.



1.5. Két luan chwong

Trong chuong 1, trén co s¢ phan tich cac yéu cau chién thuat
trong tac chién phi ddi xtng, nhiing han ché cta cac nghién ciru
trong va ngoai nudc cling nhu trong thuyét minh k¥ thuat, da dat ra
van dé nghién ctru tong hop luat dan trong giai doan bay 6-t6-ndm
dam bao yéu cau trong tac chién hién dai.

Theo cach dit van dé trong muc 1.4, di xac dinh duoc ba bai toén
can giai o nhitng chuong tiép theo ctia luan an.

CHUONG 2
TONG HQP LUAT DAN TEN LUA TRONG GIAI POAN BAY
O-TO-NOM THEO CAC THAM SO TQA PQ GOC
2.1. Tong hop luit din giai doan bay 6-t6-ndm theo sai léch géc
2.1.1. Xay dwng mé hinh dong hoc
Xuét phat tir mdi lién hé dong hinh hoc TL-MT ta c6:

r=-V, COS(l//ﬂ —0) + Vi COS(V/mt —0)

re =-V, Sin('//tl —0) + Vi Sin('//mt —o0) (21)

Trong d6: Vi, ya - Tuong Gmg 1a van tdc va goc hudng quy dao
tén lira; Vi, wine - Van tde va goc hudng quy dao muc tidu; o; r(t)-
Goc dudong ngam va khoang cach TL-MT.

Yéu cau dit ra khi két thuc giai doan bay 6-t6-ndm Ia:

- Khoang cach TL-MT bang cy ly hoat dong cuia dau ty din r;

- Téc d6 goc dudng ngam nho (& —0).

Chon tr nho hon thoi diém bét dau tu dan (tw), thi sau thoi diém ty,
cu ly tén Itra ting dan, khoang cach tén lira muc tiéu giam dan dén
ra. Vi vy yéu ciu thir nhét trong giai doan bay 6-t6-ném khéng can
xem xét. Nhan dugc diéu kién bién:

(Al//+(1—kv)0')|tf =0 (2.5)
Thue hién cac bién d6i, md hinh dong hoc duoc viét thanh:
p=(1-k, )¢ - 7 n,
c=¢ 2.7)
;e ‘2\$4 _gcos(p+ krva — Yo,

2.1.2. Téng hop ludt din



Ham chi tiéu chat luong c6 dang:

te
J :%p(@i +%E[nfdt — min (2.8)

Ky hiéu: =y, -0, 0 =¥, —0 . Nhan dugc hé phuong trinh
bién dong trang thai:
a4, __, gsin(a)n,
dt S
d4, gsin(g)n,
FA
dA, \Y

T:_ﬂ’(p(l_kv)_ﬂ’a—l—Zﬂ’{?

Tin hiéu diéu khién tdi wu:
1 cos(q)
n=gl-—A»~ + y) 2.11
g ( Vﬂ (1] r (4 ( )
Diéu kién bién:
2|, =9G/og|, =pdl,
Ao, =0G/oc] =0 (2.12)

(2.10)

2|, =a6/ac), =0
Hé¢ phuong trinh mé rdng c6 dang:
x| [A® A X
il ae a@ M (2.17)
Gia tri bién trang thai va dong trang thai tai ts.
x| |:|3><3:|

= X (2.18)
f

_/1_tf P f

Xét tai thoi diém t, voi t, <t<t., va At=t_, -t di nho. C6 thé coi
sin(q) =sin(q, ) =const;cos(q)=cos(q, )=const. Khi d6 hé¢ (2.17)

dugc xem 1a tuyén tinh. Nghiém cta (2.17), c6 dang (v6i @ : ma trén
vudng cap 2):




m=®<tf '“[ﬂ (2.19)

Bién ddi rat ra duogc phuong trinh Riccati:

P(t)=P®)(A®) —(A™D) P(t) - P AP(t) (2.24)

Luat dan xac dinh boi:

n,=g {—i 0 M} P"(t)x (2.25)
tl k

Pé tim P(t), can phai giai phuong trinh Riccati (2.24) véi diéu
kién bién (2.22) [6], tuy nhién viéc nay rat kho khan boi vi (2.24)
khong c6 nghiém giai tich. Vi vay, & day thuc hién tim nghiém gén
dtng bang cach lua chon ham P(t). Lua chon ham P(t) =P tuc la:

k 00
P=|0 0 O (2.26)
000

Tinh toan phuong trinh Riccati (2.24), nhan dugc:
g 2
vz k> 0 k(l-k,)

tl

P=-| 0 0 0 |=
kd-k,) 0 0O

o ,:-U-
&Y

(2.31)

"
o O O
o O

1

Ching minh duge P13=Ps trong (2.31) rat nho. Khing dinh
phuong phap lya chon la dung.
Nhén duogc luat dan toi wu:
Vv, 1
= Ay - -k,)o)
t,——
\%

Luat din (2.36) ti 1& v6i Ay —(1-k)o v6i hé s thay doi phu
thudc vao khoang cach TL-MT va tdc do tiép can. Giai doan dau gia
tri ctia hé sd 16n co tac dung dua nhanh tén lra vao quy dao dong,
giai doan sau hé so cé gia tri nho dam bao tén Itra bay 6n dinh trén
quy dao. Tuy nhién, gi¢i han pham vi p dung véi goc don nho.

(2.36)
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2.2. Tong hop luat din theo toc do géc dwong ngam
2.2.1. Dong hoc dwong ngam TL-MT

Mo hinh dong hoc:
. g
=—0nN
!//tl th z
o=¢
. —-o)n

Piéu kién bién:
¢l, =0

2.2.2. Xdy dung ludt dén
t
1 ., 1+, .
J== +=|n;dt— min
5 PS zgz

Hé phuong trinh bién dong trang thai:

dA

—llz—f&L:—%gggnmyy
dt oy, r

dA oH
”—————i-—ﬂn n,

dt oo @

dA

L H =1, iz\i
dt o

Tin hiéu diéu khién ti vu:

1 cos(q)
m:g[—vﬁ@“+ ; @]

tl

Piéu kién bién chuyén doi:
\ =3G/oy,|, =0
ﬂgLf = 86/8(7|tf =
%, =a6/a¢], = p¢l,
H¢ phuong trinh mé rong c6 dang:

9

(2.37)

(2.38)

(2.39)

(2.41)

(2.42)

(2.43)



X A(ll) A(12) X
A ] a0
Nhan duoc luat dan cé dang:

1 cos(q) |
nz—g[ v 0 — }P (9] (2.50)

tl
_ V6i P(t) nhan dugce tr phuong trinh Riccati. Tuong tu, tim P(t)
bang cach lya chon ham nhan dugc luat dan t6i vu:

3
n, =(iJ Nema cos(q).6 (2.55)
r0 é’max

Nhu véy, luat dan theo téc d6 goc duong ngam (2.55) 1a luat dan
tiép can ti 18 co hé sb thay ddi theo cu ly tuong d6i TL-MT. Giai
doan dau hé s6 dan co gia tri 16n s€ tao ra qua tai yéu cu 16n dam
bao dua nhanh tén Itra vao quy dao dong, giai doan sau qua tai yéu
cau nho dam bao tén lra bay on dinh trén quy dao dong.

Luat dan (2.55) véi hé sb dan thay doi sir dung trong giai doan
bay 6-t6-ném dam bao khir toc d6 goc dudng ngim. Phu hop véi
viéc str dung phuong phap dén tiép cén ti 18 trong giai doan tu dan.
2.2.3. Két qua mé phong

- Qua két qua khao sat nhan thay: téc do goc duong ngam va do
trugt déu tién toi “0” trude thoi diém chuyén sang ty dan rat nhiéu.

- Qua tai yéu cau c6 gia tri 1on trong giai doan dau cua qué trinh
dan sau d6 giam dan vé “0” khi tén lira dat trang thai xac 1ap;

- Quy dao TL-MT trong céc trudng hop goc hudang muc tiéu khac
nhau dam bao, khoang cach TL-MT thoa man m¢ dau tu dan.

2.3. Két luan chwong 2

Déi véi lugt dan theo sai léch géc:

- o truot giam dan va tién vé “0” & thoi diém truéc khi mo dau
ty din trong trucyng hop goc don ban dau nho;

- Ban dau qué tai Yéu cau lon khu sai léch g6c, sau do giam dan
dam bao tén ltra bay 6n dinh trén quy dao;

- Luat dan phu hop véi goc don nho;

- Luat dan don gian din dén viéc hién thyc hda luat dan theo sai
léch goc dé dang, don gian.

Bai Véi lugt ddn theo toc dé gée dwong ngam:
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- B§ truot giam dan va tién vé “0” ¢ thoi diém truoc khi mo dau
tw dan trong céc truong hop goc phong khac nhau;

- Qua tai yéu cau ban dau 16n dam dao cho tén lra nhanh vao quy
dao dong, sau d6 qua tai yéu cau s€ giam dan tien ve “0”;

- Phi hop véi cac goe don ban dau khac nhau ke ca goc don Ién;

- Luat dan st dung trong giai doan bay 0-t6-ndm phu hop véi giai
doan tu dan sir dung phuong phap dan tiép can ti Ig;

- Hién thyc hoa s& phirc tap hon phuong phap sai 1éch goc.

Quy dao ca hai luat dan phuc thugc vao tham so chuyén dong cua
muc tiéu, khoéng hinh thanh quy dao da dang.

) . CHUONG 3 o
TONG HQP LUA'[: DAN GIAI POAN BAY O-TO-NOM THEO

SAI LECH GOC, SAI LECH THANG VOI QUY PAO
. _ THAM CHIEU ) i

3.1. Tong hop luit dan theo quy dao tham chiéu la dwong thang

Chuyén dong cua tén ltra trong mat phang ngang cua h¢ toa do
phong XOZ dugc chi ra trén hinh 3.1. Trong do,

- (X, Z), V, va ¥, tuong ung la toa d9, van tdc va goc hudng
quy dao cua tén lua;

- (Xmor Zmo )r Vi V& Wiy tuong Ging 12 toa d ban dAu, van tc
va goc hudng quy dao ctia muc ti€u;

- (X;, Z;), l//:n, ¥, tuong ung la toa d6 va goc hudng quy dao
mong mudn ciia tén Itra tai thoi diém mo dau ty din va goc bu.

. Piém don thuc té

z 4 "\ Diémdonly
7 /,/"\ tudng
‘yﬂl/‘/ ) ‘mt
. M 5 Vit v
Zm -7 (thO ,thO)
th/
léz)
3 Ayl ./,‘m -
0 X >
Mo X

Hinh 3.1. V; tri tén liza so véi quy dao tham chiéu.
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3.1.1. M6 hinh djng hoc tén lira
Xuat phat tr m6 hinh dong hoc [1, 2, 3]:

!/)tl z(g/vtl)nz
X =V, cosy,
Z2=V,siny,
bat:
Ay =y -y,
AX=X—X;,

Az=7-17,

(3.2)

(3.3)

Ky hiéu h 1a do léch thang (khoang cach tir tén lira dén duong

thang MoM). Str dung phép quay va phép tinh tién, ta cé:

h=—(x—x,)siny,, +zcosy,,

(3.6)

Pao ham (3.6) két hop v6i mo hinh dong hoc (3.2) nhéan duogc:

-_ 9
Ay =—=n
4 Vo

tl
h=V,sinAy
biéu kién bién:
Ay, =y, —y,—>0
h, =-AX, siny,, +Az, cosy, —0
3.1.2. Xdy dung ludt din

Ham chi tiéu chat luong:
t

1 . 1 5, 1¢, .
J=-pAy; +§ch1f +§{[nzdt—>mln

2
Bién dong trang thai:
di,  oH
—Y =———=-1V, COSA
at oAy AVy 14
a4 _ H _,
dt oh

Nghiém t6i wru:

12
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, (3.15)
th v
biéu kién bién chuyén doi:
Ary |tf =0G/oA 1//|tf =pA l//|tf
(3.16)
ﬂ“AX |tf - aG/ah'tf - '02h|tf
Hé mé rong c6 dang:
%] AWD A2 [y
il= AQ)  A@) L} (3.20)
Bién trang thai va dong trang thai tai thoi diém cudi:
x| P
_ﬂ"-t‘ —{Pf :|th (3.21)

Xét tai thoi diém t, voi t <t<t_, va At=t_, —t_da nho. C6 thé
coi cos(Ay ) =cos(Ay, )=const, khi do hé¢ (3.20) dugc xem la

) X X
tuyén tinh. Nghiém cua (3.20) c¢6 dang; [ J =(t, - t){ J :
t

Rut ra dugc phuong trinh Riccati:

P)=P®)(A®) —(AD) Pt)-P®)AP() (3.26)
Luat d?m t6i wu co dang;
n,=—2H1 0]PT (O (3.28)

tI
Tim P(t) tr phuong trinh (3. 26) bd sung cac rang budc: hing sb
thoi gian khong l6n hon hing sé thoi gian cho phép; qua tai phap
tuyén khong 16n hon qua tai cho phép. Nhan duoc luat dan téi wu:

n, =k Ay —koh (3.29)
Véi:
anaX + -IJ—.Z hmax
k = 9ce (3.37)
1
h + A l//max
V,T

13



e Ve,
~ Zmax gTCp max (338)
’ hmax +VtITCPAWmax
3.1.3. Mt s6 két qui mé phong

Truong hop k,=0:

- Thoi gian qua d6 vao trang thai x&c lap cua tén Itra nho, phuong
ctia tén lira nhanh chong cing phuong vai quy dao tham chiéu;

- Luat dan hinh thanh qua tai ban dau Ién. Bam bao nhanh chéng
khtr sai léch goc huéng quy dao, ¢ giai doan on dinh, sai léch géc
huéng quy dao va qua tai tién téi “0”;

- Quy dao 6n dinh cua tén lira song song vai quy dao tham chiéu
nhung khéng triét tidu sai léch thang.

Truong hop ki1=0:

Quy dao tén lra dao dong quanh quy dao tham chiéu. Qua tai yéu
cau va goc huéng quy dao cua tén lra khdng on dinh. Do vay, dé sir
dung duoc luat dan theo sai léch thang can c6 cac cai thién.

Trweong hop tong quat:

- Pam bao dua tén lra dén vi tri mong mudn véi goc hudng yéu
cau. Tén lira 6n dinh trude khi vao tu dan;

- Quy dao tén lira nhanh chong dua vé duong tham chiéu MoM 1
duong thang. Van dé da dang quy dao tén lira khong thuc hién duoc.
3.2. Tong hop luit din theo quy dao 1a duwong cong bit ky

Chuyén dong cua tén ltra duoc chi ra trén hinh 3.14.

h z A Piém don thire té e
R Diém dén
. M 5 ‘-..%' ly twong
o e V,,,,&’?Umr
. L2 N
Va o ',J” (Xmits Zmi0)
Quy dao tham chiéu / ) L
Zy e i (R
’ 2 P e
s - H .
Ve X
ok’ [ZANE 1 W >
AW My X4 Yn X

Hinh 3.2. Vj tri cia tén liza so vdi quy dao tham chiéu.
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3.2.1. Xdy dwng mo hinh djng hoc tén lira
Tt hé phuong trinh:
Ay =gn,

X, =V, COsAy
2, =V, sinAy

Sai 1éch giita quy dao tén ltra va quy dao tham chiéu:

AR =V, 1+ f2sin(Ay -y, )
Rut ra duge mo hinh ddng hoc:

Ay?:gn

VI m

tl
Ah =V, sin(Ay7)

Diéu ki¢n bién: Ay, —0; A, —0VGi t, <t
3.2.2. Xdy dung lugt din

Ham chi ti€u chat lugng c6 dang:

t

J= %plAl/sz + %pzAhff + %tj n’ dt — min

Hé phuong trinh bién dong trang thai:

dAa - _
T OH _ AV, COSAy
dt OAy

di,, oH

dt oh
Nghiém t6i u:
n =-3,_

zm Ay
th

0

biéu kién bién chuyén doi:

|:1Aw:| :[Pf]{m/_/} ;Pf:Pf:|:pl 0}
A |, Ah | 0 p,

H¢ phuong trinh mé rong:
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%] AWD A0 [y
A sl (3.58)

Bién trang thai va dong trang théi tai thoi diém cudi:

x| 5
Luat din ti wu c6 dang:
n,, =_\7i[1 0]P" (t)x (3.59)

tl
Tuong tu, tim P(t) tr phuong trinh Riccati tir cac rang budc b6
sung. Nhan duoc luét dan:

nzm—CP + 12 Ahmax
9T
k=—1 (3.61)
7 Ahmax + A lr/7max
VaTer
Nymcp + A '/7ma><
— L (3.62)

Ahmax +\7tITCPA l/7ma><
kA7 +kooh Vy

n, :_ﬁ 9 W (3.63)

Trong luat dan (3.63) nhan thay: thanh phan thr nhit dugc sir
dung dé khtr sai 16ch quy dao tén lira so v6i quy dao tham chiéu theo
sai 1éch goc va sai 1éch thang, thanh phan thir hai 1a qua tai yéu cau
dugc xéac dinh theo quy dao tham chiéu.

3.3. Xay dung quy dao chuyen dong tham chiéu ciia tén lira
3.3.1. Xdc dinh dang va tham sé quy dao tham chiéu

Quy dao tham chiéu cua tén lira thoéa mén cac rang budc: Xudt
phat tir diém O (diém phong) dén diém mong mudn M; qua tai tén
lira trong qua trinh bay dén M dam bao nhé hon qua tai cho phép,
qua tai tén ltra tai M nho ~ 0 ; quy dao tham chiéu da dang.

Lua chon ham tham chiéu Rayleigh c6 dang:

= (xxY
7=k X Xe o (3.70)

52
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Tinh toan hé s6 nhan duoc:

1
o=—2— - fx* , K=2z,28 (3.74)
Pao ham béc nhét, bac hai:
(x-x)° N
fX:;e 20" [1-(%} J (3.75)
f, :_g x5—2x [3 (ng) j o (3.76)

3.3.2. Thudt todn xdc dinh dié:ng bén don mong muén
Véi truong hop tén ltra chuyén dong thang tir O dén M , tinh dugc:

v, =arcsin(ﬁsin AV/mlj_’_GO (3.80)
ttd tl + rtd
X =gV COSWng s Zpy =tV SIN Ay (3.81)

Khi tén Iira chuyén dong véi quy dao cong phai tinh luong bu:

Vot SIN (W =g )
VW, = arctan A (383)
rtd +th 'tb .COS (l//mt — l//mO )
A
: v Vmtto
/ \\
/
’ N
* ] M //\ rd Qnt ym
// 3 - /_}/ /l 0-0
// | P -
Vi - ///l//i’//
7 - |
(P / |
/- ’igﬂl/ltfﬁo/\ 00 /\‘/f*m §* X
o X™m X

Hinh 3.3. Xdc dinh goc dén mong muon.
Thoi gian bu dugc xac dinh bang thuét toan lap:

- Budc 1, cho t, = At voi At du nho, nhan duge ty, =t, +1;;
- Budc 2, tinh y, theo (3.83);
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- Budc 3, tinh . theo (3.80);
- Budce 4, xac dinh lai ham Rayleigh theo ( o mm) !//m,

- Budc 5, tinh khoang cach tén lira — muc tiéu tai Ly ;

I"TL—MT |t[db

- Budc 6, So sanh, néu

[ |ttdb ‘ <&, két thiic chuong trinh.

Néu

fy — Frwr |tmh‘>g, quay tr¢ lai  buoc 1  véi

t, :(k +1)At, k=1+n (& - saisd).
Luong d6én dé triét tiéu do truot:
. V. .
siny, =—_sin(Ay —Ayy,) (3.84)

tl
3.3.3. Mt s6 két qudi mé phong

Luat dan (3.63) hinh thanh qua tai bam theo va kh sai léch so voi
ham tham chiéu Rayleigh. Gia tyi sai léch thang, sai léch géc gitra
quy dao tén lira va ham tham chiéu duoc khuir nhanh va dua vé 0.

Xac dinh duge goc huéng mong muon va toa d& mong muon thoa
man yé,u cau dit ra.

3.4. Két luan chwong 3

- Luat dan (3.29) v6i duong tham chiéu 1a duong thing nhanh
chong dua tén lira vao trang thai xac 1ap. Tuy nhién: quy dao phan
16n 1 duong thing khong dam bao da dang quy dao theo yéu cau;

- Luat dan (3.63) v6i duong tham chiéu 1a ham Rayleigh dam bao
duoc trang thai xac lap cho tén lira trudc khi vao tu dan, quy dao da
dang. Sai léch goc va sai léch thang nhanh chéng duoc khir va tién
v <0,

- Thuat toan xac dlnh diém dén mong mudn cho phép xéac dinh
chinh xéc cac tham s6 toa do, goc huéng mong mudn.

CHUONG 4
MO PHONG PANH GIA HIEU QUA CAC LUAT DAN
4.1. M6 phéng danh gia luit din theo toc d9 goc dwdng ngim
4.1.1. So' do té chirc mé phéng
So db to chirc md phong duoc chi ra trong hinh 4.1.
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w ¥ [ Dy bao Mb hinh Vi: ¥

Xy 04 Tard cpuyén d (?flg Chl:,lyéfl d Qng
cua muc tiéu cua tén lia
o VW
'\-.'H'r ¥ }I."’.‘f
Tinh V.G Tinh cac

G [, pamsh
duwong ngam

h, l r.q.c

Tinh qua tai
véu cau (luat
dan)
Hinh 4.1. So' do t6 chitc mé phong.

Cac tham so tinh toan trong so d6 dugc xac dinh theo cac cong

thure tir (4.1) + (4.8). _
4.1.2. M6 phong danh gia hié¢u qud ludt din

.. @uy dao TL-MT voi goc phong khac nhau 45 » 104 Khoang cach TL-MT
Ns ’ ‘ e
3.5 N 4l Sk — 4 —45do|
> 85 do
3 i%?( i 35
*
25 ’&?( — % —5do 3 £
i% — + —45do
= 2 85 do E s
= = = QDMT = ‘35*
1.5 i_i 2 kx
oL # » e
%
0.5 ég P *y
0 W
0.5
- o 1 2 3 0 10 20 30 40 50
x,m x10% ts
) ~ \ » ’
Hinh 4.2. Quy dao va khoang cach TL-MT.
0 Qua tai yeu cau cua TL 25 X 10° Do truot tuc thoi
5 | + . .
3 — % -5do ¥ —%—5do
\ —+ —45do 8 —+ —45do
5y 85 do 25 85do| |
X
X
X, 2
0 S € 5
* =
# 1
3
5 ,‘l 05
+ -
/ 0 LRtk se e A R A
10't
- 05
0 10 20 30 40 50 0 10 2 30 10 50

ts ts

Hinh 4.3. Qud tdi yéu cau va dg trieot tike thoi.
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Goc duong ngam Toc do goc duong ngam

50 04
— % —5do
45 ‘§>exx>e(%)e<x)ﬁ<x>@<*>®(*><—)(*)(—xx)e(<x 0.2 — 4+ —45do| ]
85 do
B o S A S 2 o0 *ﬁiﬁmwmmme&#
° =3 At
8 40 §02f 4F
3 8 ¥
3 2 04l
3 35 g
°
© 06
30
0.8
25 B |
10 20 30 40 50 0 10 20 30 40 50
ts ts
) ’
N h G 7 [N A 7 N M
. Hinh 4.4. Goc quay va toc do goc duong ngam.
Goc don Goc huong TL
0 140 ‘
X 130
e D VR
20 - e 120
#
/ 110
S a0k
< £ 100
3 g w0
o
8 -60 oy
80 [ %
*
-80 70 -
%x&*mﬁxwxwxwxwxﬁ
| 60
-100 50 kot oe—
0 10 20 30 40 50 0 10 20 30 40 50
ts t,s

. Hinh 4.5. Géc don va géc hudng tén lira.
4.2. M6 phong danh gia luat din theo quy dao tham chiéu 13 ham
Rayleigh
4.2.1. So do to chirc mé phong
Vu

th,l//mt L Vll,l//ll
S, - I3 <
Xmto,Zmto Bai t(;)g:: ban Tén lua
Xmt,Zmt Nn:
Xin, Zin,Wm
Xac dinh | v,
tham s0 quy |«
dao
_ Vau
K,0,X
v
Tinh IVOén Xu,Zu, W
> tham s0 luat =
Y din

Hinh 4.14. So do t6 chirc mé phong.
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4.2.2. MO phong dinh gia hi¢u qud ciia lugt din
K&t qua mo phdng trong hai truong hop duoc chi ra dudi cac hinh

Ve sau:

Do thi quy dao TL - MT
16000 aw

14000

12000

Diem den TH1
10000
— 8000
E
N 6000
4000
2000
0
QDMT TH2
= = = QDMT TH3
-2000
0 05 1 15 2 25 3 35 4
X[m] x10%
Goc huong quy dao
100
— — —TH3: Psi =83.3873
TH2: Psi =79.3283
— TH1: Psi =75.3673
&
B
a

-20
[ 5 10 15 20 25
t[s]
Sai lech thang
10

= = = TH3: Psi =83.3873
- TH2: Psi =79.3283
=====TH1: Psi =75.3673

him]

-30
-40
0 5 10 15 20 25 30
tls]
Qua tai yeu cau
10

<o TH2: Psi =
—=m-= TH1: Psi =

0 5 10 15 20 25 30
tis]
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Z[m)

Psi[’]

h[m]

Do thi quy dao TL - MT

18000

16000

14000

12000

10000

O Diem don TH1
Diem don TH2
O Diem don TH3

8000

6000

4000

2000

-2000
0 05 1 15 2 25 3

X [mlx10*

Goc huong quy dao

— = = TH1: Psi =76.4527
TH2: Psi =74.6532
— TH3: Psi =74.8357

0 5 10 15 20 25 30
tls]

Qua tai yeu cau

t[s]



4.3. Két luan chwong 4

Ca hai luat dan (2.55) va (3.63) déu dam bao yéu cau dan tén lira
khong dbi khong trong giai doan bay 6-t6-ném voi goc don da dang
ké ca goc don 16n;

Luat dan theo toc dd goc (2.55) trong giai doan bay 6-t6-ndém phu
hop v6i phuong phap dan két hop trong d6 giai doan tu dan st dung
luat dan tiép can ti 1&; Con luat dan (3.63) co thé két hop véi nhiéu
luat dan khac nhau trong giai doan tur dan;

Luat dan (3.63) v6i quy dao tham chiéu co dang ham Rayleigh
dam bao hinh thanh mot 16p quy dao da dang. Quy dao luat dan
(2.55) phu thudc tham sb chuyen dong cua muyc tiéu,

Thuét toan giai bai toan ban don dua ra diém don mong mudn phu
hop voi tham s6 chuyén déng muc tiéu va tham sé cua quy dao mau;

Luat dan (3.63) duy tri trong tim tén lira theo quy dao mong
mudn, loai trir dwge anh hudng cua céac nhiéu dong bén ngoai.

KET LUAN VA KIEN NGHI

1. Két luan chung

1) Phan tich dac diém cua tén lra “khong ddi khong” tam trung,
nhimg yéu ciu tac chién trong diéu kién chién tranh phi dbi xtmg.
Xuét phat tir cac nghién ctru trong va ngoai nudc vé _phuong phap
dan két hop, trén co so thuyet minh ky thuat va yéu cau chién thuat
dit ra yéu cau tong hop luat dan moéi trong giai doan bay 6-t6-ném;

2) Trinh bay co sé 1y thuyét diéu khién tdi wu, phwong phap va
cac budc giai bai toan bién voi thoi gian khong ¢b dinh;

3) Tong hop duoc luat dan theo sai léch goc, theo toc do goc
dudng ngim véi cac diéu kién cho trude. Panh gid kha ning tng
dung cua hai luat dan vira tong hop;

4) Téng hop duoc luat dan theo sai léch goc va sai 1éch thang véi
quy dao tham chiéu 1a duong thing va duong cong bat ky véi didu
kién dam bao thuan loi cho ty dan;

5) Xac dinh ham quy dao tham chiéu mong muén véi yéu cau
dam bao hudng tan cong mong mudn khac nhau, xay dung duoc ho
quy dao mong mudn phu thudc vao tham sé muyc tiéu;

6) Giai bai toan ban don véi voi cac tham sé TL-MT, xac dinh
cac tham s6 mong mudn co tinh dén bu sai 1éch do d6 cong quy dao
va khir do truot tirc thoi;
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7) Thuc hién mé phong, danh gia hiéu qua, kha ndng ung dung
ctia hai luat dan da tong hop (2.55) va (3.63).

2. Nhitng déng gép méi vé khoa hoc

1) P téng hop luat dan tén lira “khong ddi khong” giai doan bay
0-t6-ndm theo quy dao tham chiéu;

2) Da dé xuat mot 16p qui dao tham chiéu c6 dang ham Rayleigh
va xay dung thuat toan giai bai toan ban dén phu hop voi quy dao tén
Itra da chon.

3. Kién nghi va huéng phat trién ciia luin 4n

1) Bé hién thuc hoa cac luat dan da tong hop trong giai doan bay
0-t6-ndm can bd tri cac thiét bi xac dinh cac tham sb luat dan nhu
may tinh trén khoang, hé théng dan dudng quan tinh,...;

2) C6 thé phat trién cac dang quy dao tham chiéu khac nhau phu
hop v6i cac muc dich cu thé cho céac 16p tén Itra khac nhau;

3) Can téng hop cac thuat toan on dinh vong diéu khién dé sir
dung céc ludt dan da dé xuét tir d6 c6 thé ing dung vao thuc té.

Céc van dé va két qua nghién ctru trong luan 4n da dwoc tim hiéu
nghiém tic va cd gang trinh bay mét cach khoa hoc. Tuy nhién do
diéu kién thoi gian va ning luc c6 han, c6 thé con thiéu sot. Rét
mong nhan dugc cac dong gop dé tac gia tiép tuc hoan thién va phat
trién hudng nghién cu.

Tac gia xin chan thanh cam on!
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